Background. This study determined the landmarks for caudal epidural block (CEB) after morphometric measurements of the sacral hiatus on dry sacral bones. Anatomical features of the sacral hiatus of clinical importance during CEB, along with distances and angles of use in detecting the apex, were measured. This provides detailed knowledge of the anatomy of the sacral hiatus and practical landmarks.
Accepted for publication: August 1, 2005 Caudal epidural block (CEB) involves injection of a drug into the epidural space through the sacral hiatus to provide analgesia and anaesthesia in various clinical settings. 1 The sacrum articulates with the fifth lumbar vertebra above and the coccyx below. The remnants of the inferior articular process elongate downwards on both sides of the sacral hiatus. These two bony processes are called the sacral cornua (horns) and define important clinical landmarks during CEB. 2 The sacral hiatus is located at the distal (caudal) part of the sacrum and its lateral margins are formed by the two sacral cornua. The sacral hiatus is shaped by incomplete midline fusion of the posterior elements of the distal portion of the fifth or sometimes the fourth sacral vertebra. This inverted U-shaped space is covered by the posterior aspect of the sacrococcygeal membrane and is an important landmark in CEB. 2 3 The hiatus is covered only by skin, a subcutaneous fatty layer and the sacrococcygeal membrane. 4 The distalmost portion of the dural sac and the sacral hiatus usually terminate between levels S1 and S3.
Even though CEB has a wide range of clinical applications, it is sometimes hard to determine the anatomical location of the sacral hiatus and the caudal epidural space, especially in adults. The determination of the landmarks by the clinician enables the sacral hiatus to be ascertained and may increase the success rate of CEB.
The main goal of this study was to identify additional anatomical landmarks in cases where the sacral cornua could not be identified and to measure proportions that may enhance the location of the apex of the sacral hiatus, and hence to find a practical solution for CEB. We determined measurements that may be used during CEB procedures and the anatomical borders of the sacral hiatus on dry sacral bones.
Methods
Ninety-six complete and undamaged adult Caucasian, dry, sacral bones obtained from four medical schools (Ankara, Cukurova, Gaziantep and Sutcu Imam) were used. The material was of undetermined gender and age. Anatomical measurements were performed on these specimens by an anatomist and a neurosurgeon using a Vernier caliper accurate to 0.1 mm. Since the posterior superior iliac spines, which are readily palpable on the body surface of a patient, impose on the superolateral sacral crests of the sacrum, and our measurements were carried out on dry sacral bones, the latter points were used as landmarks in the measurements. As the dural sac terminates around the level of S2, the distances from the apex and base of the sacral hiatus to the level of the S2 foramina were also measured.
Eleven direct morphometric measurements of importance for CEB, relating to the sacral vertebra and hiatus, were obtained ( Fig. 1 ).
Statistical analysis
Data were expressed as mean (SD), median and range. Analyses were performed using SPSS software, version 9.0 for Windows (SPSS, Chicago, IL, USA).
Results
Total posterior closure was found in two sacrums, which were excluded from the study. Agenesis of the hiatus was detected in six (6.25%) sacrums. The average length of the sacral hiatus was 32.1 (9.9) mm (range 12-53 mm). The length of the sacral hiatus was mostly between 20 and 40 mm ( Table 1 ). The average distance between the two superolateral sacral crests (the base of the triangle) was 66.5 (53.5) mm (range 51-79.5 mm). The distance between the right superolateral sacral crest and the sacral apex was 67.1 (10.0) mm (range 42.1-89 mm). The distance between the left superolateral sacral crest and the sacral apex was 67.5 (9.5) mm (range 46-88.1 mm). Despite these mean values, it is more important to know that the distances from the right and left sacral crests to the hiatus were similar in each sacrum. The angle between the lines formed by the base of the triangle and the sacral hiatus was 61.9 (4.8) (range 50-70 ) on the right and 61.2 (4.8) (range 50-70 ) on the left. The anatomical measurements are given in Table 2 .
Discussion
The most frequently used technique to identify the caudal epidural space is based on feeling the 'pop' on penetrating the sacrococcygeal membrane, after the determination of the sacral hiatus by palpating the sacral cornua. 1 5 A failure rate of 25% has been reported by some investigators. 5 6 Stitz and Sommer 7 reported a success rate, without fluoroscopy, of 74%. White and colleagues 8 reported a failure rate of 25% in caudal epidural steroid injection.
Identification of the caudal epidural space is not always possible even for experienced clinicians, and anatomical variation may be an influence. The apex of the sacral hiatus is an important bony landmark in the success of CEB but it (2) width of sacral hiatus at the level of sacral cornua; (3) distance from sacral apex to the level of S2 foramina; (4=1+3) distance from the base of sacral hiatus to the level of S2 foramina; (5) distance between the upper border of S1 and sacral apex; (6) depth of sacral hiatus at the level of its apex; (7) distance between the two superolateral sacral crests (the base of the triangle); (8) distance between right superolateral sacral crest and sacral apex; (9) distance between left superolateral sacral crest and sacral apex; (10) angle between the lines formed by the seventh and eighth parameters; and (11) angle between the lines formed by the seventh and ninth parameters. may be hard to palpate, particularly in obese patients. Hence other prominent anatomical landmarks may be of use, such as the triangle formed between the posterior superior iliac spines and the apex of sacral hiatus. Our measurements show this to be an equilateral triangle. This practical guide will lead to the detection of sacral hiatus easily and increase the success rate of CEB. Sekiguchi and colleagues 4 stated that the diameter of sacral canal was less than 2 mm in 1% of sacral bones, hence impeding the use of 22 G needles for CEB. If the sacral hiatus cannot be identified accurately it will be difficult to pass the needle into the sacral canal. A bony septum in the sacral hiatus, hiatal agenesis or complete agenesis (spina bifida) caused failure of CEB in 7% of cases. 4 It has been reported by some investigators that the sagittal (anteroposterior) diameter of the sacral canal at the apex of the hiatus was less than 2 mm in 5% of cases. 2 In our series of 96 sacral bones, this diameter was 2 mm or less in only six (6.25%). In the study of Sekiguchi and colleagues, hiatal agenesis was observed in four out of 92 sacrums (4%); however, this ratio was given as 7.7% in some other reports. 2 From our study, anatomical factors may an important factor in up to 12.5% (hiatal agenesis, 6.25%; depth of caudal canal less than 2 mm at the level of hiatal apex, 6.25%).
Sekiguchi and colleagues found the distance between the sacral cornua [10.2 (0.35) (2.2-18.4) mm] greater than, and the depth of sacral hiatus [6.0 (1.9) (1.9-11.4) mm] slightly smaller than those measured in our study [17.47 (3.23) (7-28) and 4.46 (1.33) (1-7) mm respectively]. These results were attributed to racial diversity. In addition to the measurements and morphological typing, we measured the angles between the margins of the triangle formed by the two lateral sacral crests and the sacral hiatus. We think that the equilateral features of this triangle will probably be a practical guide to the location of the apex of sacral hiatus during CEB.
The most frequently encountered problem in CEB is the failure in needle placement. Chen and colleagues stressed that the use of ultrasonography to guide needle placement during CEB would increase the success rate by 100%. 1 However, using ultrasonography or fluoroscopy is not always possible due to time, cost-effectiveness and personnel availability. Nevertheless, fluoroscopy is currently the gold standard in CEB 7 9 10 for determining correct placement of the needle, decreasing the risks of subarachnoid puncture, and intrathecal or intravascular injection. The sacral cornua, which are used in localizing the hiatus, may not always be palpable. When fluoroscopy is contraindicated or cannot be applied, knowing the anatomical relationships of the sacral hiatus will facilitate the procedure. 7 An important point in CEB is awareness of the distance between the sacral hiatus and dural sac anatomically in relation to the risk of dural puncture. The dimensions of the sacral hiatus may vary, with its apex usually slightly above the distal third of S4, and the distance between the tip of dural sac and hiatal apex around 4.5 cm. 2 In our study, we used the level of S2 (the dural sac usually terminates at S2 in adults). The distance between the S2 foramen and the apex of the sacral hiatus was 35.4 (10.4) mm on average (range 11-62 mm) and the distance to the base of the sacral hiatus was 65.3 (9.4) mm (range 39-85 mm). We believe, in the light of these data, that the needle should be advanced only a few millimetres after penetrating the sacrococcygeal membrane in adults, in order to reduce the frequency of dural puncture and other possible complications. However, total spina bifida and detection of the dura mater just beneath the hiatus have been reported in 1% of cases. 2 A total posterior closure defect was observed in two of our sacral bones (total spina bifida 2.08%).
In conclusion, there is variability in the anatomical structure of the sacrum, especially the sacral hiatus. However, we believe that the equilateral nature of the triangle formed between the two posterior superior iliac spines and the apex of the sacral hiatus will be of practical benefit to the clinician in determining the location of the sacral hiatus during CEB. Further clinical trials are required to compare the existing techniques and our anatomical description to provide more data to support the results of this study. 
